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−13 −11 MeV [1] . Rosner [2] and also Meng and Chao [3] point out that its mass is close to that of D * (2010) + D 1 (2420). Maiani et al. [4] interpret the peak as a molecular state. For an S-wave D * D 1 combination, its spin-parity J P is 0
[The charge conjugate combination is tacitly included with D * D 1 throughout this paper]. It will be important here that the width of the Z(4430) is consistent with that of D 1 (2420), namely 25 ± 6 MeV [5] .
Unless the interaction between D * and D 1 is repulsive (keeping them apart), it is inevitable that they can de-excite to lower mass D states. With orbital angular momentum L in this process:
These de-excitation processes unavoidably lead to a threshold cusp. Many examples of such cusps are known, for example in (i) πd → NN, (ii)pp, (iii) ΛΛ and (iv) ΛΣ 0 [6] . The mechanism by which the cusp is created has been explained in connection with X(3872) [7] . Since this mechanism seems not to be well known, it will be recapitulated here.
The elastic S-wave amplitude near threshold is
where k is the particle momentum in the rest frame and a is the complex scattering length. The total cross section σ tot = 4πIm f S /k follows the 1/v law familiar from thermal neutron scattering. At threshold, there is a step function in Im f S , since it vanishes below threshold. The real part is given by the dispersion relation
1 email: D.Bugg@rl.ac.uk Fig. 1 illustrates the result forpp, where a is known; results will be similar for other values of a. The cusp appears mainly in Re f S . There is a lesser peak in Im f S arising from the denominator 
It is not predictable in which J
P the interaction will be attractive, since many meson exchanges are possible, as in NN and NN . It could appear in more than one of them. If all have repulsive interactions, the idea presented here will fail. But since it explains the observations, it is plausible that at least one of the J P has an attractive interaction. There is support for this cusp mechanism in the case of X(3872). Hanhart et al. [9] point out that its branching ratio is a factor ∼ 10 larger to DD * than to J/Ψρ. They conclude that this fact is inconsistent with a bound state and that the data require a virtual state. This is a pole on the imaginary k axis, and is an inevitable result of the peak due to the cusp, unless the attractive interaction between D * and D 1 (2420) is strong enough to generate a bound state. Rosner and also Meng and Chao remark on the fact that no signal is seen in J/Ψπ despite larger phase space. This may be due to a cancellation in the matrix element for D * D 1 → J/Ψπ. The momenta for production of J/Ψ and Ψ ′ are large: 1130 and 670 MeV/c respectively. The J/Ψ and Ψ ′ wave functions are multiplied by a factor exp(ikr) which has nodes at 0.27 or 0.43 fm in the two cases. The latter will overlap quite well with the radial wave function of Ψ ′ which has a node; the former is likely to lead to a small matrix element for production of J/Ψ. These are the essential conclusions. For completeness, expressions will be given to assist spin analysis. It is necessary to use angular correlations for the full process B → KΨ ′ π. The analysis is most easily done in the rest frame of the Ψ ′ , taking as z-axis the direction defined by the lepton pair. The polarisation vector e of the Ψ ′ is orthogonal to this axis and in the J/Ψ rest frame has no time-component. Angular momenta may be written in terms of the 3-vectors K and Π of the kaon and pion. For J P = 0 − , the matrix element is M = e.Π. In this case, the kaon carries no orbital angular momentum and does not contribute to M. The angular distribution is obtained by summing over the unobserved polarisation. Here, a simple mathematical trick is to write e = (1, i, 0, 0) with the result M = Π x + iΠ y and the cross section is proportional to Π 2 x + Π 2 y . As Rosner remarks, this is proportional to sin 2 θ, where θ is the angle between the pion and the lepton direction in the Ψ ′ rest frame. If experimental results follow this simple form, one could conclude that orthogonal 1 − and 2 − make small contributions. For J P = 1 − , M ∝ K.e ∧ Π = e.K ∧ P , so the kaon and pion are preferentially orthogonal in the Ψ ′ rest frame. For
), representing L = 2 for the kaon; T αβ = e α Π β + e β Π α − (2/3)(e x Π x + e y Π y ), remembering that e z = 0.
Partial wave analysis will be difficult if more than one spin contributes; if only one spin is present, ∼ 100 events are needed. The momentum of the kaon in the B rest frame is 630 MeV/c, so the factor exp(ikr) has a node at 0.49 fm. If the range of interaction of D * and D 1 is large, higher spins are favoured. If the range of interaction is < 0.4 fm, no spin is particularly favoured.
